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(57)Abstract: 

PURPOSE: To easily form a silver plating on the surface 
of copper or copper alloy by bringing the above- 
mentioned surface into contact with an aq. soln. contg. 

an alkyl imidazole compd., org. acid (salt) and silver "-""f ~f~"' >s '' ** 8,tI * ss 

nitrate. "'S^.^ 



7 



CONSTITUTION: A treating soln. of pH3.0 to 4.5 formed 
by adding the alkyl imidazole compd. expressed by 
formula, the org. acid and the salt of the org. acid to an 
aq. soln. formed by adding 0.01 to 1.0%, more preferably 
0.05 to 0.5% silver nitrate to water is prepd. For 
example, 2-aminoimidazole is used as the above- 
mentioned alkyl imidazole compd. and, for example, 
acetic acid is used as the org. acid, respectively. The 
org. acid is preferably added in the form of the salt 

thereof. The above-mentioned treating liquid is usually kept at 20 to 60°C and is brought into 
contact with the copper or copper alloy for 30 seconds to 5 minutes, by which the silver film is 
formed on the above- mentioned copper metal. This silver plating is adequate for the surface 
treatment of terminals, etc., of electronic parts. The silver plating on the small copper metals 
in the form of grains or powder is possible and the method is suitable for mass production of 
ornamental materials. 
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SPECIFICATION 



1 . Title of the Invention 

Method for Forming Silver Film on Copper- 
Based Metal 

2. Scope of Patent Clams 

1. A method for forming a silver film on copper- 
based metal, characterized in that the surface of 
copper or copper alloy is brought into contact with an 
aqueous solution that contains an alkyl imidazole 
compound represented by the general formula 
presented below: 
General formula: 

"~| = ™ji — P~in the formula, R 2 denotes a long-chain" 
alkyl group, and R4 denotes a hydrogen 
1. L_atom or a lower alkyl group, 
an organic acid, an organic acid salt, and silver 
nitrate. 

(2) The method for forming a silver film on copper- 
based metal according to claim 1, wherein 2- 
undecylimidazole is used as the alkyl imidazole 
compound. 

(4) The method for forming a silver film on copper- 
based metal according to claim 1, wherein 2-undecyl- 
4-memylimidazole is used as the alkyl imidazole 
compound. 

3. Detailed Description of the Invention 



Field of Industrial Utilization 

The present invention relates to a method for 
forming a silver film on the surface of copper or a 
copper alloy. The method of the present invention is 
particularly desirable for copper surface processing 
of printed wiring substrates. 
Prior Art 

Silver plating has been carried out by methods 
that employ common alkali cyanine baths. Typical 
plating baths are produced by dissolving silver 
cyanide, potassium cyanide, potassium carbonate, 
and a brightener at predetermined ratios in water. The 
solution temperature under operating conditions is 20 
to 30°C, and the operation is carried out at a current 
density of 40 to 160 A/m 2 . 

With silver plating carried out by reduction 
plating, Rochelle salt or formalin is dissolved as 
reducing agent in ammoniacal silver nitrate aqueous 
solution. 

However, there have been problems with film 
thickness and surface condition of the plated layer 
with this method, and such methods have not been 
industrially implemented. 
Problems to be Solved by the Invention 

With silver plating, highly toxic silver cyanide 
and potassium cyanide are used, and so safety 
controls are required when handling. 
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With conventional methods, numerous controls 
are required, such as monitoring of current density as 
well as silver and free potassium cyanide 
concentrations, and a large, amount of plating 
equipment is also required. In addition, plating on 
small metal surfaces such as copper particles and 
copper powder has not been possible with 
conventional methods. 
Means for Solving the Problems 

It is known that imidazole compounds having 
long-chain alkyl groups in the 2-position form 
complexes with some types of metals. 

For example, when 2-undecylirnidazole and 
derivatives thereof are dissolved in water in the 
presence of a suitable acid, and a copper plate is 
introduced into this solution, the alkyl imidazole 
precipitates on the surface of the copper, forming a 
chemical conversion film (Japanese Examined Patent 
Application Nos. 46-17042, 48-25621, and 49- 
26183). 

The inventors of the present invention, as a 
result of repeated experimentation based on these 
facts, arrived at the present invention upon 
discovering that: if an imidazole compound having 
long-chain alkyl groups in the 2-position is dissolved 
in aqueous solution containing organic acid, and 
copper ions are added, then imidazole-copper 
complex is formed and the imidazole complex is 
deposited on the copper surface; if silver nitrate is 
added in a suitable amount to an aqueous solution 
containing organic acid and an imidazole compound 
having long-chain alkyl groups in the 2-position, then 
imidazole complex is transferred to the copper 
surface; and if organic acid salt is included in the 
treated aqueous solution at this time, only silver ions 
will collect at the copper surface if dissociation of the 
alkyl imidazole organic acid salt is inhibited, and 
silver plating will be formed on the surface of the 
copper or copper alloy. 

Specifically, the method of the present invention 
involves forrning a metallic silver film on the 
surfaces of these metals by bringing the surface of 
copper or copper alloy into contact with an aqueous 
solution containing imidazole having long-chain 
alkyl groups at the 2-position, organic acid, organic 
acid salt, and silver nitrate. 

Examples of alkyl imidazole compounds that are 
suitable for implementation of the present invention 
include 2-amylimidazole, 2-heptylimidazole, 2- 
decylimidazole, 2-undecylimidazole, 2-undecyl-4- 
methylimidazole, 2-dodecylirnidazole, 2- 
tridecylimidazole, 2-heptadecylimidazole, and 2- 



heptadecyl-4-memylimidazole. 

These compounds are added at ratios in the 
range of 0.01 to 5%, preferably 0.5 to 2%. 

In implementing the method of the present 
invention, the organic acid should be added in the 
form of a salt that is soluble in water in order to 
increase the solubility of the alkyl imidazole 
compound in water. 

Organic acids that are suitable for implementing 
the present invention include acetic acid, capric acid, 
glycolic acid, paranitrobenzoic acid, 
paratoluenesulfonic acid, picric acid, oxalic acid, 
sulfuric acid, maleic acid, fumaric acid, tartaric acid, 
and adipic acid. These organic acids are added at 
ratios in the range of 0.01 to 10%, preferably 0.05 to 
2%, with respect to water. 

In working the method of the present invention, 
organic acid salt is added, or a basic substance is 
added to treatment solution containing organic acid 
so that organic acid salt will be present in the 
aqueous treatment solution, thereby inhibiting 
dissociation of the alkyl imidazole organic acid salt. 

In implementing the present invention, basic 
substances that are used in order to form organic acid 
salts include alkaline metal or alkaline earth metal 
hydroxides or carboxylates, ammonia or ammonium 
salts, memylamine, emylarnine, ethanolamine, and 
other amines. 

In addition, the ratio of the added amount of 
silver nitrate in the present invention is 0.01 to 1.0%, 
preferably 0.05 to 0.5%, with respect to water. The 
pH of the treatment solution containing the alkyl 
imidazole compound, the organic acid, organic acid 
salt, and the silver nitrate is preferably in the range of 
3.0 to 4.5. 

In working the method of the present invention, 
it is normally preferable for the treatment solution to 
be maintained at a temperature in the range of 20 to 
60°C and for the copper or copper alloy to be in 
contact for from 30 seconds to 5 minutes. 
Operation 

The imidazole compound having long-chain 
alkyl groups in the 2-position is transferred to the 
surface of the copper and is deposited thereupon in 
suitable pH ranges. Alkyl imidazoles are normally 
insoluble in water but dissolve readily in acidic 
aqueous solutions. Imidazole that has been ionized in 
acidic aqueous solution exhibits strong chemical 
reactivity with respect to copper, forming complexes 
with the copper. A film of individual molecules is 
thus formed on the surface of the copper. 
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The alkyl imidazole progressively accumulates 
due to the van der Waals bonding strength of the 
long-chain alkyl groups in the film of individual 
molecules that has been produced in this manner, and 
the film thus grows. In addition, a solid film is 
formed due to hydrogen bonding forces between the 
imidazoles. 

When metal ions are included in the aqueous 
solution containing organic acid and alkyl imidazole 
compound, the metal ions will form water-soluble 
complexes with the imidazole in a pH range of 3.0 to 
4.5. These complexes influence the adhesion force of 
the imidazole. However, if the pH is greater than a 
specific value, the imidazole and metal will form 
insoluble complexes that will sediment. 

When silver nitrate is added to the aqueous 
solution containing the imidazole compound having 
2-position long-chain alkyl groups and organic acid, 
the aqueous treatment solution will be stable in the 
pH range of 4.0 or less. Insoluble complexes between 
imidazole and silver will be formed at higher pH 
values, and clouding will occur. With copper surfaces 
that are treated at pH values of from 3.0 to 4.0, mixed 
films containing black metallic silver and imidazole 
having partial metallic silver luster are obtained, but a 
metallic silver surface will not be obtained, even if 
the imidazole compound is removed using 
hydrochloric acid aqueous solution. The condition of 
the surface is improved if the pH is increased slightly 
by adding organic acid salt, thereby suppressing 
imidazole decomposition by producing a buffered 
system 

The pH is increased by adding organic acid salt, 
but the film thickness of the imidazole will decrease. 
In addition, a silver film having metallic luster will 
be produced as a lower layer if an organic acid salt is 
added, and an imidazole film will be formed 
thereupon. The reason that a film that is separated 
into two distinct layers is formed by the complex film 
in this manner is that a monomolecular film of silver 
molecules is first formed on the surface of the 
copper. Initial formation of the film of individual 
silver molecules on the surface of copper is thought 
to occur because, in the form of the imidazole 
complex, the silver ions will move to the surface of 
the copper due to the film formation capacity of the 
alkyl imidazole, and only silver ions will migrate to 
the surface of the copper. In buffered systems that are 
maintained at a given pH range, this is likely because 
the silver in the complex migrates from the complex 
to the copper which has a high ionization tendency. 
Silver ions alone cannot migrate to the surface of the 
copper, and deposition onto the surface occurs in the 
form of imidazole silver complex, thereby producing 
a composite film Silver plating is formed when the 
silver ions migrate to the surface of the copper in the 



form of a complex and then undergo reduction. The 
silver ions are individually substituted at the surface 
of the copper due to the difference in ionization 
tendency, thereby being deposited as a black film 
with poor density. It is conjectured that the alkyl 
imidazole ("IMZ" below) that has produced the 
soluble complex with silver reduces the silver at the 
surface of the metal. 
At* ♦ UlS»B» fil* -lt 4 t B • IKZ* 

The method of the present invention is described 
in additional detail below by providing examples of 
embodiment and reference examples. 
Example of Embodiment 1 

5.0 mL of acetic acid was added to 1.0 g of 2- 
undecyl-4-memylimidazole, thereby dissolving the 2- 
undecyl-4-memylimidazole. 100 mL of purified 
water was then added, and the solution was stirred 
well to produce a uniform aqueous solution. 0.1 g of 
silver nitrate and 1.0 g of ammonium acetate were 
added to this aqueous solution, and the solution was 
stirred well to prepare an aqueous solution with a pH 
of 4.04. The surface of a 4 x 4 cm square copper-clad 
laminated plate was wet-polished with Scotch-Brite 
after immersion for 30 sec in a 0.5% hydrochloric 
acid aqueous solution and washed with purified water. 
The copper-clad laminated plate was then immersed 
for 3 min in the aforementioned treatment solution 
while mamtaining a temperature of 35°C. The 
copper-clad laminated plate that was removed was 
then immersed for 20 sec in a 0.5% hydrochloric acid 
aqueous solution, rinsed with water, and dried to 
obtain a uniform silver plated layer on the copper- 
clad laminated plate. 
Reference Example 1 

5.0 mL of acetic acid was added to 1.0 g of 2- 
undecyl-4-methylirnidazole, and the 2-undecyl-4- 
methylimidazole was dissolved. 100 mL of purified 
water and 0.1 g of silver nitrate were then added to 
prepare a treatment solution with a pH of 3.15. A 
copper-clad laminated plate that had been subjected 
to the same surface treatment as in Example of 
Embodiment 1 was then immersed for 3 min in the 
aforementioned treatment solution at a temperature of 
35°C. At the copper surface of the synthetic resin, a 
composite film was thus formed that contained a 
mixture of black silver that was substituted for the 
copper, silver that exhibited silver luster, and 
imidazole. A surface having silver luster was not 
obtained, even when immersed in 0.5% hydrochloric 
acid aqueous solution. 
Reference Example 2 

With the exception that 2-memylimidazole was 
used instead of 2-undecyl-4-memylimidazole in 
Example of Embodiment 1, a silver plating treatment 
was attempted on the copper surface of a copper-clad 
laminated plate under exactly the same treatment 
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conditions. However, only black silver with poor 
density resulting from copper substitution was 
deposited on the surface of the copper, and a surface 
having silver luster could not be formed. 
Example of Embodiment 2 

With the exception that 2-undecylimidazole was 
used instead of 2-undecyl-4-methylimidazole in 
Example of Embodiment 1, a silver plating treatment 
was carried out on the copper surface of a copper- 
clad laminated plate under exactly the same 
conditions. Silver plating similar to that of Example 
of Embodiment 1 was formed on the copper surface 
of the copper-clad larninated plate. 
Example of Embodiment 3 

With the exception that a treatment solution with 
a pH of 3.80 was produced by adding 1.0 g of 
ammonium citrate instead of 1.0 g of ammonium 
acetate in Example of Embodiment 1, a silver plating 
treatment was carried out on the copper surface of a 
copper-clad larninated plate under exactly the same 
conditions. A surface with silver luster was formed 
on the copper surface of the copper-clad laminated 
plate. 

Example of Embodiment 4 

With the exception that a treatment solution with 
a pH of 4.00 was produced by using formic acid 
instead of acetic acid and by using ammonium 
formate instead of ammonium acetate in Example of 
Embodiment 1, a silver plating treatment was carried 
out on the copper surface of a copper-clad laminated 
plate under exacdy the same conditions. A uniform 
silver plating layer was obtained on the copper 
surface of the copper-clad laminated plate. 
Example of Embodiment 5 

Copper powder was immersed for 10 sec in a 5% 
ammonium persulfate aqueous solution, the solution 
was passed through a filter, and the material was 
washed with water. Copper powder having a clean 
surface was thus prepared. This material was then 
brought into contact with the treatment solution 
prepared in Example of Embodiment 1 for 1 min 
while stirring. The copper powder was then filtered, 
washed with a 0.5% hydrochloric acid aqueous 
solution, rinsed with water, and dried to obtain 
copper powder having silver affixed to its surface. 
Effect of the Invention 

The method of the present invention allows 
silver plating to be easily formed on the surface of 
copper or copper alloy and is thus suitable for the 
surface treatments of terminals or the like in 
electrical components. In addition, silver plating can 
be performed on small-size copper metal materials 
such as particles or powder, and considerable 
practical effects are thus achieved in regard to the 
mass production of decorative materials. 
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Corrected scope of patent claims: 

(1) A method for forming a silver film on copper- 
based metal, characterized in that the surface of 
copper or copper alloy is brought into contact with an 
aqueous solution that contains an alkyl imidazole 
compound represented by the general formula 
presented below: 

General formula: 

«— J— f — fin the formula, R 2 denotes a long-chain" 
' \ f alkyl group, and R, denotes a hydrogen 
\ t L_atom or a lower alkyl group, 
an organic acid, an organic acid salt, and silver nitrate. 

(2) The method for forming a silver film on copper- 
based metal according to claim (1), wherein 2- 
undecylirnidazole is used as the alkyl imidazole 
compound. 

(3) The method for forrning a silver film on copper- 
based metal according to claim (1), wherein 2- 
undecyl-4-methylimidazole " is used as the alkyl 
imidazole compound. 
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